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Highly Purified CD34-Positive Cells Reconstitute 

Hematopoiesis 
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Jwwf Hi# ob}ac tf v o of ffifo sfl^wao ta charoctorioa 
CfiSFlB grafts, odkjsrwd using a rtovnJ taehniguo, ffM 
ehilmran wf Mtrgting e v wlajeKM hvv mertwtwfitivr 
ttan (BMTJ for car err rh«*apy, In parriciiar# wm wuiitad to 
do ta rr w i n a if *#034* mar row <aH graft* i>Mmnd how* 
ta poi afic raco mfftu ri uq . sine* q positive wuwir would matf* 
vef* further ggylapmsiW and uso o4 *4its mathocfology. 

Wfit/itr gr>d M a modir TTtt* ptiof foa tth i il y dimeo* trid 
nv o vt d 13~pofloat*"5 IS / sa w a# ago widi od wmrari 
soffd tvnwn, tmfoding j ovoo diilriran with n aw h l swaa 
HomsOd bona mmmw undarwwtr InmomogatU 
CE34* safoofon. 

fostder : In rhroa of IS snroilad poriont* low purities at 
tho C934" proporotiora disqooQfod tho u*a at tho CD34" 
morrow grafts. Tan petfonra rocoivoa myoio uafaff yocSoffio* 
thai o py with otapastia, cars ooi at m , and cydophocpfto* 
mid«* tfon wwv tvwwvofontad with 0 34* meurvw gruits. 
In tha 10 potiaios fmraoianfad with CP34" s ai acad <otis, 
tho CW4" era purify (tsudoarad WO txdudad) fo *» cad 
y dt preparation was 91%/tatai tail r oep w y foam, tho 
s tart in g figfcr-domily «*4* Z2%, C 034* art m sav o ry 3 $Sn 
aofooy-fornjjng gnit^romdocyto-maarophoga (OWM) 
raoovarx^Tw and oarimotad tumor-tall dapfonon L4 logs 

M OST CHILDHOOD so lid cancers an sansiriva to 
cbemtnherapy and radiotherapy, in Lin: they ini- 
daily respond with a clinical complete response (Ck) or 
c xcs l l entparaai response (PR). Nevenneiess, the majority 
of eases of advanced (eg. meeasxadc) pediatric solid ai- 
mers eventually wear. 14 This is the ameer Twanenr dtu- 
ad on — responsive rumors with high risk (or recuitence — 
in which high-dose (mycloaeiadve) ch emot herapy has 

been used with auealooou* morrow rescue. 7 W« dovalopod 

a novel combination high-dose chemotherapy regimen for 
pediatric solid turncra.*’ 0 We ±en desired a means to 
reduce die potential tumor-ceii contest of die autologous 
ttuutow -jo provide hematopoietic rescue for these pa- 
tients, since tumor cells that contaminate rhe aeautopoi- 
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Mffl |. The Q3A- owow yqfa oAeaeaerad fo th— 
p eda et i ean i e ia ad a madia* *13 < 1C* eedeeiad edb r 
10*0*4" errand 1.3 m 1C* OU-CM parfofognmn ' 
paafont Wgfo. Mast p ot i m m experi e n ce d efoy the > axii> 
dee provfottdy afai arrad with rhd m yefoc h va chamalhei 
apfy ragaoMMi* dthowgh twa umi*uaJ Najacrtfoe wore ak> 
mrmtL Alt 1 0 pedants fo30?fon*d with 034" odl grafts 
angroffod* 

Canek m otu Tha 0034" perdfod grarta wwa enriefeod In 
efom/pfogandar all, with fore of thee# 10 prepnrtnfnrt 
containing m <4 % CD34T cads. C ngiefon a w l whh 0034*- 
purified <*fl grafts a* pure as 94H uawnnuelhaf iwaaley is 
0934* aefis, alone, are sufficient *e pr ovide hem am pni e dc 
rescso for myeloahlated parfoms. The dost perdlcotfon rt* 
suits were obtained on small marrow harvests horn po- 
rienrs with neuroblastoma. The engreftmenf of foflfoy purr- 
fled C934* arts ob rained hy rtks SKh i t a fogy end the 
an t itu m a r e ff ect of the transplant, by writer two of 10 poor 
prognosis patients remain dinkefly free ef tumor, hove 
stintufoted further cUjikoI trio is. 

J On 0*4*1 14:2224-2233. 9 1946 by Amort*** So- 
a*ff of drucoi Oncaiogy. 

ede graft have been thown to contriboa* to moor recur- 
rence after transplant (in aeurobhsonxa)^ Available 
methodologies in oso to purge poesatric solid tsrax colls 
from marrow induce treatment of me analogous marrow 
graft with drags or monoclonal araiboduat. U2 ' u Ann non- 
plastic drag creatmera of che marrow graft is uude to 

the feeraiopeLcce progenitors in the graft, and thereby 
extends the time to eagnftraenc in heavily pregcaad po- 
Q^mt 1 * to ad dit ion, the «&ceey of drag xeoawaes for 
tumor purging Has not been determined mts the range 
of pediasric solid tumors. Finally, selective antitumor 
monoclonal antibodies have been avtiUble and clinically 
tested sxtscuivsly only for neurooiestocia «Aoag pediat- 
ric solid tumors. 7 Thus, negative selection sc ite gies fox 
difficult limits to their clinical utility for purging a t hexna- 
coootetic grafts foam patients with periictnc solid eumoa. 

The combination of CD 34 expression on lymshofcexne- 
topoictic stent and progenitor cells with lack of expression 
on most cms of solid aimers suggests that immunoaffin- 
:ty isoiidon (positive selection) of CD 34" ceils can he 
used to reverse purge autologous marrow grafts for trans- 
plantation in a broad range of cancers. 1X14 Positive selec- 
tion of CD34" cells in clinical autologous bane marrow 
transplant (BMT) was first peribemed by Began c l ll 17 \ 
They reported tfiaThSnSopoiesis was recoratinued after 
transplantaticn of QD34* cdls, isolated using CD34 bio- 
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dn-nvid in imrnuncoiTlrticy columns, ta sna paxienrs who 
h»a iceetvcO rnyeioabimive aci o cacraoq teipy. SUpcil « 
aJ" connnneti mis with tha -epcn itui CD34" auxnicgous 
bond marrow coil*, belated by a ofthc same 

memodotajy, produced ca^nilrncni in a larger series of / 
patients with bressx cancer. Several additional clinical J 
trials using CDS**" ceils from marrow and mobilized/ 
blood an now m pmgna* with of stem-cell 

enrichment anri/cr minor depletion. > / 

The objective of this study was ~jo character ! zb CD34T 
ceil grates obtained using a novel :echnique (Table 1), 
from children undergoing autologous 3MT far cancer 
therapy, la particular, we wanted to determine if the 
CD3*~ marrow cell grafts generated hcaotopolade re- 


in «pf*oxima&dy !<*• of on h cp atic parirrtn mala as crt ter 
pan of c h y m aie far Lumbar tiac b a nd a nna . amt 

05 chi lew iaodcaw of csaofrybuii (Wowing muedocai 

c S y m of upBa rt inyoetica is .Tfmrted » oe immimietied >y erciueiog 
petteoa wimpoemvetcsttTorprecaiitwgaaitebymopeo^ aneibod- 
■k 3 atis study required trie picccutiai c&ax mirm* must iu*e tiaC 

6 ne**nr« Cbymor AST (on (Igerm tec, Pate Aiw,CA) ter antibody 
against drymopootun before boac marrow rjrvesL 

Tbe UMii Padiactie 0/ua*agy 2i*iate« pr**r*m far padatua +*uh 
advanced solid rumors is to aileorpx afanaapla* cyiorcducuon ubb j 
fiWtJpid cooto of tJatfriffWifiva crwmo i fvn ay. plus m r gi y and 

locai rauioaa thexapy CkiOid ax iiM iaaiai or p<msi«A tuasoiv 
ta pattens waaie cancer prapnitf dnpita ya tnat aag cytoredue- 
daa. naatpUm a jeaentfy nor used. The 13 patterns* precraasptent 
features «ra rummarixad in chc rescJa wousa 

Sorts Marrow Hants: and P r oc essin g 


cog^qainon. si nce a, positive resu lt would motivate hatte r 
developmeai onduse of ihiTme^ocoto gy. ims pilot it a- 
tibilicy clinical mai invaivee Ti paxieht*. 

PATIENTS ANO methccs 


Pan'tws 

Thirteen patterns *■ 25 yean of age with advanced sofid canon 
enured mss study, after informed conseo: under a praocot approved 
by ctw Jams* Kaplun* [Aumtiomi Review H oard sad tile Unimri 
States Pood and Drug Admimitnura Cmerts for patient dagHuScy 
indtukti tkiftMr vuaJ orzsn function. estnrvaed mnrivol pester 
than S weeks. Xarauuky score » 60 %. s ag bane g n>«« r»ycfrv»- 
l ogically teat from rumor zc tfrn dene of bona marrow harvest, Scot 
(D enytaopepam is usoo in a»s C^34* caa pnrmcstict procBa ar e. 
Q) p nrxrriwtn g aetibadtc* tpaw ctiymofspua witelk» Save b« 

r«We h O^mWCSU’ bwte, Co'i^MrWtw. 
end fe^ iM— ^ndw 



Ceemgsi m^rcant prtf««wian. 





• fiwv ii Mti Q3A >»y 1 oi w d-d M ». b «eyHpCd.CwWi>ital 

mka, 




G O rU ' cad*. 

• G» m i cr o Ipher— from CD3A* caih utieg ^ waynpii ter &oa 
a eng tanks, Caa* fo| d «odwi ol edi t ie a any 

Q3e- grak. 

>« IfW 

Ctoptidc luOO mq/ra 1 dose; 

Carhop! wte^17S ^/^?*weii«*er 
Cye io ph rapli o teo: 170 org/Vg rwni do«e (wnh mm|i 
lev fi e r ra grefa r^ me ri «*» imuim# day 0, *A Kmn a tar mbI 

arf r r j tea n b lM w * eh a w wi n er y . To aiaiwim Ae dn af 

igoiatf horn raii^xal amoMaO af A y r— pepe lo ar 



pea- 


Oteh a wH d ra— a. and 


Boa* nuirto ar — ia ai ioo w«a pareormae fedowing inraiam procw 

dares. Sufftcmtit marrow au zsptmaii -a .otaa peuer itun 2 x 
!0* noefnart mirrow cdU oer kilopnra pwem ac^L Asocnteti 
a m. am dlucoc in RPMI 1640 (SteWhsoaker, Wxlkcssvute, MOj 
dm cesained pmamuv^ret iiecsrm Sltereti TlroupO 4 ietici 
oT mten oC dcorermg pore nze fSsxrer-ftnwsl. Oeerflcm. X) :o 
remove particles and ceil clomps. A tmemasa or' OS x I0 4 nueicnced 
amiow per kilogram «e cryopreserred as an uopunflsd tack- 
up oam*#. 1 

TT» rccuiaoer of 5te Jarmsted 2T »r ow underwear i .muincgieg - 
oetic CPy selection iTahla \' h Pfso, a Xufy era ay weparad 
by esacnfngebcni uwng a CC8E 2991 [Cade. Luke— aod. CO) cell 
p roa ma or (prntiama no. 1. 3, 7, 9. 10. ied 13). sir for ample* 

with low tool cell manners. nanMonaud rrauitefctfoe in s Mood 
awnWcr pock (BMUcr^anwaU ?*km« f» 2.4, C*. i U, tad I2L 
This pcepsnnoe was thea further ca rried for mxvow monoc cckar 
cdla by ricoil-Hypequi ( BteWbiciiuM) tiassky endkm aerenfuga- ^ 
dun ua the COBE 2991. To ieascize tntge 014* «dU wuh mono- 
doasi socibody. the marrow mooctmciesr ceils (up w 3 x Uf cefls/ 
eU UPMI 1640 Ubi comameo t* ,'ietroc serum aibomia iSsxccr 
Headftcare. CUndclc. CA J md X2*5 ftareen taanoike giotelia (Ser- 

• biood tnnsfer pMck with My 10 anuhocy (X5 >15 ScmaujpteMie 
p reg tgiw r ceil antigen-! CHPCa-H tafiMdy pKnanoadtif odist 
Bcaon Dldtiiwon [mnajmcytnmonr Sy^ena, Sea CAJ and 
tficn wmsAed wtftl BPMI 1640 tlmt cemuiare 14 ituman wrum aihu* 
min to lu n o v v in* antibody. Par paocat ml f, th» wwdnng we* 
dates by ccath/ugsuun eting the COQE ofl processor. aiW low* 
punty ot CDM~ CdU WBa OOUmtO in mi* atit ptsicat. e s e Mtig 
pnforined by a standard ctamtepl wash is 5 ^nL coeicd croj^ 
tegStUbM ter me ratsuining pediie. The aetta^iW UlUll 
(JO rntitocs at 4“0 with dwep tnomosse immuangtebutin C« 
(IgG, j-caatsd pMu m agc euc nycnxptierea (two lcIi lo one bead 
ratio; Oynsl. Uke Soccrti. NY). Unbound CDM~ otils were re- 
moved by collecting the maocsprcrs-otil rosettes (dong with (he 
free mkrotpherti) using dm p qpryps Ivsl es device tt prototype 
magnetic cell wparaorm device thsicollUkUof un array of permaaert 
iMgnvra and u an* romri i l *■*(• p4**u« etenwj wwi 

pmccdure (Baxter H— Itboxe [mmwwhcrwy OWiskw, Irvine, 
CSX 11 ^ 3 followed by four 50-mL washes using (he prototype Isa lex 
rfcvicc. incubation (15 mirnnes al room tem pam ufe wnh end-ever- 
anci raudanj with chymopapain (200 U/mL; Oymtiactia; 3o«u 
PbincaceiuicaU, Lincolnshire. 1U was performed to rel«M4 etiao* 
tpheiti and antibodies from roscaed C034’ cdls. Tbc fres nticra- 
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spheres -vese :5cn :=nov*d by paiagB owr te prwwyp* Uodx 
device ind tts* C334* ctils w« coiltetvri m 1 blood tnmftr ?sriL 
034* csila w**» coitocmn^d by ceaaifcswoo of fee blood ran- 
ter >cfe. Ceils *w :ran*f*rred *jo 1 50-mi. c oaical ccnonftip* 0200 
fbr 1 wua using RFMI 16*0 mac comamd !% toman scran site* 
m uua fgqipcmkti 9 tO mL =ad placed aa a lapnrt a taron 
residual beads. Gryopraarf*w»a of :te pehSed CDS** oeBa n* 
psrtorm cB by ginrtand coaomUd-ma fiwaxiag (CyoaM& rootu. 
24aii* ra. Olfl m • plastic rrcesr (3axw*F*awaO is R?MI 1640 

bus coots nod 10% <h'oMC&yU«l/«ude «ad 20% a u c atoy ocs paatac 
piozas This mamnai w« anally oorad under liquid aicnopBi jail 
use. Mart eryopresertadoo, a snail tiiquoc at' tie partied adj 
pirarama ns withheld rac maiytu. 

AndiyjLi of CD24* -Purified Sons Morrow Specimens 

Tim p wee at CDU* cefls prases in the ponded ctfl prapaiuftj w 
wee determined using Sow cytoaecry with the btc-HPCA- 2 mti- 
body iBeasa Dtefcmaam. Mrtuca meageew* a «hymay*p*uu*»«tfaat 
tpiupr at -he C334 molecule/** 

If the pohAol ceil preparation comaieed > 034* mils 

liter saciasoo of nucleated RBCi, sad if die estimated auubet of 
034* eelU in -he purified c«U tract urn wu a 10* eeOs/ 

kf, die C3J*’ ad! ftecaoa w*» teawed icd idmmsaened »mnvc- 
aouaiy (IV) as tie wnspUm jraft on day 0. 'Hie initial jsmorai 
seedy design snd informed consent i-p oaftcd that the paces* would 
apt be expntcd to th« potential rifts oi tie upertmentai 034* mU 
pre^unbon as die tnrspftnoc soft unless bach uf dmc c ris s a euro 
g«e* but I acr i d Mrauld be coasdered Oar 3MT using tan JBpr o- 
ceil el cryoonoerved bect-up marrow preparation. AU patients met 
tae aliened for »ts numonrx of 034* ceils nhrimnt However* 
ia fcraa cates (pedcstn no. I, Lj^ad 13l tae penTud C034* aa* 

peepwrfun did ae meet dm d £ mitmutm far dtie ;r ■■»■*, 

(era 0 / these duet patient (no. 1 and 13) received the bsd~up 
■ a rr o w preparation instead of the pariAcd minow praparu noo. ?v 
bent m iO«« never transplanted because hie tumor pogm&fd 
dosing pt urrs n s pla m therapy. 

Myeioabianxe Chemoth erupt uric JScgtnun 

Fetuses received the fuilowing mykoohladve dumodasapeede 
tegimen aefbre bone tnar r u w rescue: ewpelde l.^CO ragfar (100 
m&m z M by [V c9+Ut t* jo*M Uuw«ap on dsys *0 to *4X carOepUno 
2*173 mgmr (725 IV oxer ! hour on days -4 <0 -4), ud 

eydopeetnosmids 120 regAtg (60 tng/fcatt IV over t hour on days 
•3 aad *21 Meson 13 rag/kg by IV push «o gtvea ac OL 3* and 6 
how* alter cyciophoxptunnde. The beee ifucrow paft was infused 
00 day Ok 41 hours after the ft mi doee of cytoradunrra gaaaoth er* 
epy. To muumixe the dunce o6*nephytacdc reoojoe spise trace 
midumi unoutm oi cbynwpnpaift or sotjoody to r an gftt be pteoers 
ie the 034' selected mtrom gran, patients recti r*J the foflawio; 
medacabees kuawbu^u <LJ mgr3^ jwr do«e IV 4* try 4 I«m 
for a tool of ache doua^cgtaasiig 12 houa before 2JC C2M* ctfl 
grift IfifaiioA. b m adryt CL5 mg/Vg per dose IV every 6 noun for 1 
toot of eight doves beginning 12 hours before the craft inhesion, 
sad ranitidine 1 tngrkg per dose IV c*e*y 4 boon for a tool of five 
doecs teginran* to hoars Dffttt Oar graA lnftt u ca. 

Ctre fiA/T 

Paciems wen cirad fer using Johns Hopkins Harpiol petiiame 
SMT p attci — ««d Cu moss « mw > ptactUr produco •««< 

transftised when the placeic* count decnawcd to less than 2 3*0 00 


O/TN £7 M 

jL* aad RBO (packca cads) were usastaaod ta atanusia 3 aensaso- 
sit prater 2tan 20 a 31 He ycw y te at* w**m 
not used after 3MT. ^ * 

RHUL 7 S 

P outfit Oiorzcsarisucs. Premnu plans Tncrapy. ami 
Response 

' Seven of 12 oaticau. with aa age range of I to 5 years, 
had scorch Uscoma. Paoeazs aa 6. 3, 9, II* ad 12 had 
Ptdiainc Otssoiogy Gecao (PQG) sage D cEvtxcs stage 
rV/In«maooraU yearcbiasicma Staging System [INSS] 
stage 4^) neurnbiaacoma. with metastatic dura including 
bones* Patient no. 2 vru daasified aa FOG stage C with 
a Urge diwi neunsfaUssma with local exzensioa and 
maiignaat asd w. He quail /led for 3MT b e ca ns e of de« 
vaoad N wwyc jana copy number (a • 3261 in hi* uimar 
spodmen 7,2 *^ and maiijxuct »c:w. Potienc aa 4 had 
?CC acjt a 4«dzon*i neurcblatsoma, but. quaiioed for 
BMT brrraiist: of elevated N-*tvc gone eepr number (n 
— p4> in his cumor specisrexL In ail of tho»« poticac* with 
neuroblasTcma. BMT wgg planned from early ia initial 
tr ea t m ent and was penermed after completion of five ia 
10 courses of chemotherapy plus scconc-Jcok serggry 
and tfTsdiaucn to sates oi initial sad regaining cdmcalW 
detnesabio amors. After rtemvins til pretranspUnt 
multimodal tnerapy by tne —rx of BMT, patients no. 2 
and 4 were ia clinical Cl sad had no microscopic dUeaxc 
idcmmad « secand4ooh surgery. Psceat aa 3 bad no 
detectable Utmor by soamvasive studies, but bid micro* 
scopic neuroblastoma at me secood-iook uirgicai mar* 
gnu*. Patients na 9 tad 11 also bad no deaeobie tumor 
by aomavasivc studies, but had microscocic tdamil rteu- 
robiascoma (resected os second-look, surgery) and residual 
abnormalities ca cochaemun bone scan. Thus* patients 
co. 2* 4* 3* 9, aod 1 1 were in Q at the dme of BMT by 
the INSS detisisiom of rescoose. 9 Patients na 6 and 12 
had only ?Rs by the INSS »ogiaf criteria immediately 
before transplant. In all patients with ncurooiasccma. shea 
of inihal bulk disease snd detectable disease were irmdi* 
tied before 9MT. 

Patients na 3 and 5 woe yeong adults with germ cell 
tamers, la patient no. 3. the tumor had rucuned after two 
chemothemoy re© mens. Ho had a clinical CU in that 
his amors again shrunk with additional cytoreduciivc 
chemotherapy, and he received radiation therapy to re* 
"maicirg ciinicully evident romor sires before BVTT. In 
patient no. 5* tho cancer recurred* with &a fncra^xad hu- 
man chorionic gonadotropin levels less than 2 months 

after be had mcosYmd four court** of chwnothrrspy. He 
wus traospiamoL in progressive disesbe suius. with 
growing tnrtajccwie namor tto dula*. which w«r* sot irrtdi- 
used. 
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pcdcnn rrenspianred wkh CD3** mar ro w gr afts were 
mated heavily with chemotherapy before tusolcgooi 
mirrow harvest, widx bon four to 22 cycles of multi agent 
chemotherapy* which included from three to eight sad- 
oeopiesttc drugs. Eight of these 10 patients received local 
mdu&oa therapy 1 to 3 weeks before 3MT; puzezu no. 
7 received mduaonafttrBMT, and patient no. 3 received 
no radiation therapy. 

Son# Marrow Processing mid Cctf Purification Results 

Bone marrow graft processing required approx imately 
7 hours from the tune of receipt of the harve ste d marrow 
to ery ogrcecr vaaott. Approximately 4 hours of this dmc 
was spent performing die CD34~ selection p rocedure it* 
seif. Cell processing results are listed in Table 2* Total 
bone marrow nucleated ceils harvested range d ftora 4.7 
to 33J x 10T cells per patient (largely as a fonedon of 
patient size)* and from 3J$ 00 7 J) x 1C - cells/kg patient 
weight (median, 4.3 x IQ* ceHs/kg). RcoU-Hypoque den* 
lily gradient c et im hig ari o a reduced the preparations to 
0.3 to 52 x 10* cells per patient and 0.4 to 1.9 x 10* 
celWVg paoeat weight (median, 0.9 x 10* ceiUAcg). 
These light-density ceil preparations were the starting 
ceils for die CD34T jamu noefflniry purifications, and 

they contained from 10% to 6J% 0534" cells (raedbm. 


3.6%) aod 34 to 174 colony-fanning aalts-granuiocyre- 
mxrophage (CFU-GMVIO* nucleated cells (median, 69; 
TOO. 

After C034* retortion with umnunonogsedc micro- 
spheres. a median of 19% (mesa, 3.4%; range, 19% go' 
7.4%) of the starting light-density nucleated cells were 
reco v ered in the CD34* call preparation (total cdlioccv- 
eryk These 13 CD34*-purifiod cell preparations coo- 
lained s median purity of 80% (scan. 68%; range* 13% 
to 99%) CD34* cells, if sue leased RSGs were occluded 
from the analysis by fiow-cytnroroic^gatiag, tnd 60% 
(mean, 33%; range. 12% to 99%) if nad sated RBCs were 
rncladod. The median perc e nt recovery of CD34* cells 
from the starting light-density ceil p re pa ration (CD3*~ 
cell recovery) was 33% (mean. 32%; range. 11% » 51%). 
Median rec o v er y of CFU-GM im the reusing Ughc-dtnsicy 
cells was 18% (mean, 29%; range. 2% to 76%). 

In three of 13 patients* the CD34* > *ponfled c«JJ prepont- 
noae contained less than 40% CD3*~ calls after exclusion 
of urlrewt BBC s, which £<quallfi«d ou of ifcaire 
CD34* cell preparations as thdr BMT grafts (see M«b- 

ode). Two of three chrMpcdsaia (no. 1 and 13) underwent 
BMT, but received their unpnrged back-up marrow prepa- 
rations i 11 mad of the CD34*-selcaed cells. The dirt 
patient (na 10) vnu act transplanted due to tumor pro- 
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C34- C2L5 *6CCNSI7TUTE .-tf^urCPClESS 

tre cB on, In ±fi !Q who were inascianred wish 

CD34.- sdete celts, tile median CD34~ ceil purity (nu- 
cleated 23Cs excluded) was 91% (mean, 23%; rang*, 
4€% :o 99%). Ac median total ceil recovery from me 
testing lighi-deosiiy ceils was 22% (mean. 10%; range, 
19% to 7.4%), the med i an 034" cell recovery was 
29% (oft an. 32%; taajs, U% la 21%), aod the median 
recovery of CFJ-GM was 23% (mean, 32%; range, 6% 
to 76%>. Tie CD34’ ourxow y ^ (jj (ilOMi 
10 patients ccnuined a median of 13 x 10* nucleated 
ceils (mean, 3-0; msg*. 0-3 to 103), 1.4 x 10* 034" 

ceils (mean. 14; range. 16 © 4.7% and 1 J x 10* C5TJ- 
GM (mean. 3.1; range. 0 l 3 m 1143 per kilogram patient 
weight (Table 2% 

Foatery 

None of me 13 patterns bad positive OymoF.AST mao 
for preexisting antibody against chymopapain. .Ml 10 pa- 
tients transplanted wtm CD 34" ceil grafts tolerated infu- 
sion of 034" cells without bradycardia, hypotension, 
hypertension, or signs of anaphylaxis. These patients re- 
quired close monitoring of electrolytes and infusions of 
pofatsmrn, phosphate, tnagaflihim. and bicarbonate to 
compensate for renal wasting for several days after high* 
dnsc cartopiann. Two paricaq aad transient faypcraensicn. 
and in two paten the serum creatinine level transiently 
increased to 3.0 mgttL, bat reunited co less dun 14 mg f 
dL by haipiai discharge. No patient d e veloped conical 
renal failure One patient had transient he mor r h age cysti- 
tis. attributed a cyclophosphamide. from days 10 to 13 
after transplant 

All IQ patients exper i enced mucositis and routinely 
received IV alimentation and IV opiate analgesia. Fru- 
quest .Tuner problem irtrynted with tile preparative 
chemotherapy regimen included transient elevations in 
bilirubin and hepatic enzymes and riant ms with high- 
frequency sensorineural tewing loss. All patients had 
profound myeloeuppressioo. Asaoiiaiml fovuei wwa 
treated empirically wto IV antibiotics. Only patients no. 
9 end 9 hod positive blood culms (Acfnaodeaxr twajfl 
and Kltbsittia pneiuno*itir). to patient no. 2, cy tomegalo* 
virus was sutured, from urine, and mis was temporally 
associated with prolonged time co hematopoietic en- 
graftment. One patient had maxillary liituriti* diagnosed 
by computed tomography, and two patients had perirectal 
erythema, but mere suspected infections did not result in 
positive blood cultures or dinical progression. No pa- 
dents had blood cultures positive for fungi 

Unexpectedly, on day I after transplant, patient aa 5 
developed acace paraplegia, with hypesthetia at the level 
of L4-L3. Extensive neurologic evaluation, including 


2229 

inmbar porxnue and oay.cac imaging, fail mi 

© explain das p er mane nt san svetre myelitis. ClspUrin 
and ostoopuan hath have neurotoxicity in high dcses. 3 ** 1 
Ttansvene myelitis is a reported complication cf intradb- 
cai of chymopapain. 11 ^ in rhi* p» nu^ 

involving ex vwo use of ch ymopapain with only «x / 
rentioai vnouaea istfesod IV « ±a yate*i it ippMn • 
anltkdy that chym o p ap ain esnaod this problem. Tumor 
ra«olv«<n*at of tire cptaai cord wo# su s ceotad . but 
xx proven, tad autopsy was tetimwi by dre family of 
dns patient, who died ct tumor pro greed oo ia other titee. 

In smrsury, most patients experienced only die Ten- 
siaat ttaidocs previously observed with this preparative 
ehanahsrapy regimen, including myetoablarioa. rntxosi- 

US, ^ ran iral !nfni<»r penal deCTOlytB WSStlUg, fceffiCT- 

rhagjc cystitis, high-frequency sessoxiceural bearing lou, 
acd, ssyraptcnatic hepatic enzyme elevation.*** One pa- 
tient devdeped unexplained Tana v en a myelitis. There 
were no episodes of vctoccdutiYe disease of the Liver or 
pneumonitis, and no patient developed frai toxicides in 
tire immediate periirsnsclani period. 

Hcmaxapaighc SnjrujanMiix 

AH onspianind pariera engrafted (Table 3% 1c the 10 
pmientt who received 024" marrow grans, the median 
time until posmsssplact recovery of tire W3C count m 
a IJXC/uL was 32 days (mean. 36 range, 19 to 31% ✓ 
Tbs xcxfxn times re ibicltia nem ropail coast re 20tV/ 
and 300/uL also tanged widely, with a median of 
frptan. 31: tangn, 16 co^d) aad 37 (mean. 40; reage. 26 
oo 35) days, resp e ctivel y. The platelet count recovered a 
re 3QjQ00/m% by a median of IS days (mrqa. 41; tango. 

29 re 61) pQSsrensplata. and tire last platelet tramrianoo 
wu at a fffiif of day 32 (oMa, 35; range, 21 to 57% 
Beeouse of hisrercai variations In the medic al nanoes 
for RBC txansfutons, ic wis dccidod pr os pectively not 
re dcrermree tune re eryihrotd recovery, ^s can bn seen 
f r o m Tobk 3, titers wua oo coraeiorioa betw een tee re 
cagtafbnent and tuunbem of inAaed trades ted cells. 
CD34" ceQs, or CTU-OM. T7ie mcdUn duration of tespl- 
tslizcson was 33 days (mean. 32: range. 26 re 47) pest- 
transplant. Table 3 sbn litre the clinical retain tor the 
two parienis aaniplanud with unprocessed back-up mar- 
row graft preparations (patient aa. I and 13) for compari- 
son. and the means and medians are listed for tile entire 
group of 12 cransplaraed patients, as wdl ax tor the 10 
patienre acoolly nnsplanied with CD34" grafts. 

Patient aa 7 experienced *n unusual benretopotetic 
problem. Ac 3 re 4 months posmnsplant during the od- 
mstusuatien cf reQuvant radiation re a wide field including - 
tire initial extent of his mediastinal thymoma, bis hcmxm- « 
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crit krd and ptetekt oouns decreased. He evtanufly be- 
came dependent on approx: matriy weekly transnmoe* of 
R30 and plateie t*. although hi* WBC coun t did vX 
d e cre a se co dangerous levels. Booe marrow aspirates and 
bi opera repeatedly showed demise d exythroid preccr- 
sots and megaiotyocytes, Extensive evaluations did act 
find infections (mcimfing parvovirus) or recurrent cancer. 
Antibodies could not be detected Against 330 or place- 
lea. M x child, mere dm t decade before being <fiag- 
wed with chymezna. this patient had had on episode of 
• idiopet&ie thrombocy t op en ia diet cej p onac d comp l csri y* 
CO bnef tteatcoeat with FH e wm *p**ith< 

fkHitf a ii s pl a n t, ate? semi months of obsenrarioa end 
unsuccessful tr *mrm*nt with IV Izsmxxnogiobuiin and ecr> 
dcasrerolds, patient no. 7 received on unpro ce s s ed mar- 
row back-up gfg ft r No r espo ns e was deterred in blood 
ceil counts or manow aspirate morphology by 2 months 
after the back-up marrow infusion, and ±e p a t ie n t still 
required packnrf 3BC and plueim support. Since mere 
than 1 year ago, this patient has carried ±m diagnosis 
of thymoma-associated autoimmune thrombocytopenia/ 
anemia.* He is aow being treated with cyclospori n e, with 
a increase in platelet and RBCs counts and elimination 
of transfusion requirements. 

Tumor Pra$rtiiuui and Putiant Survival 

Of JO patiana who received CD 34* jianow grafts, 
four (no. 3, 5, 8. and 11) have died, all with mi nor pro- 
gression. and four an alive with turner present (tux 3, 1 
9, and 123 (Table 5). Cttaeady. the median survival dmc 
for this group of patiana trsnspiamed with C234* nar- 
row grafts is 20 months (nwsn. 20: range. 3 to 37^) 
posttraaspiinL Four of these 10 patients experienced a 
20 months from tranapiaei co amor naau moam* The tire* 
panatus with neuroblastoma with no detecubk tumor fur 
2e 20 months pusttraaspbnt received BMT as intensive 
consolidation therapy at tire end of tiusr initial treatment 
ptwicxla, sad received a mini mum of Are cycles of aran- 
dard-tiose chemotherapy jg achieve a CB (patients na 2, 
4» end 9). Afl three patients had gross removal of accessi- 
ble tumor before BMT. but patient no, 9 had extensive 
bony nttetaitatry. which could nor be remo ved, la these 
patients, ail deferable rites of persistent or initial neuro- 
blastoma, including crcauWc bony rites, were inadiatecL 
Patient no. 9 had a tong caraor-free interval ( neuro- 
blastoma recurrence 20 months posttransplant), despite 
the fact that she had extensive bony metotases at diagno- 
sis. Prior studies re p an rare jorvivors. even with 3*VfT, 
for patients with bony mcucasca* Two patients (no. 2 
and 4) do ooc yet have dinic.il evidence of recurrent 
cancer, at 33 and 37 months posnranspUm. The pre-BWT 
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garment, me 3MT prepara tive regimen, and the efficacy 
of marrow gran purging may til contribute ro tee pro- 
longed survival zt ctoe patients. but tire results support 
further investigation of mis ap p ro ach in aezroblasrorox. 

la remspeo, i; would have been i n tere sti ng to have 
performed direct assays for residual turner cells to race 
the efficacy of reverie purging during the CD34^ graft 
purifications. Hcwevw; even today, direct assays for 
small aumbers of residual rumoc cells tre unavaiUble for 
most of these pediatric solid turnon. Sven whom avail- 
able, dm sensitivity of assays for minimal residual aeuro- 
blaitoma and Ewing '.^primitive aeoroeoocennal tumors, 
these assays arc already near their detection liana (nensi- 
tivtry, w ior 4 © i(T*) in patients with no evident maaor 
by routine clinical tesa.*^^" Moxpnciugic analysts of 
mamsw r fcw*-? i p^ rm rTrr-jg^ y 1 9Si armor cancaini- 

nation CIO"*). If 3te aimer purging metiica men gives 
just 1 a 2 Jogs of nuttier mcr dcpicaon of tire gran 
preparation. the rumor tiraecson created would tie at or 
beyond its limits and might miss fairly large amounts af 
residual tumor in the graft. Thus, a surrogate assay that 
d epends on mure easily measured events would be useful. 

To mnrirl the died of cacti patient's CD34* cell puri- 
fication an the mmar cem e n t af tint patient's autograft 
wc assumed that the patient** tumor cells behaved as 
ocher GD34~ ceils during the CD34* cr^rrrinn Thus, ebe 
reduction in tumur-ccE number would be equi volant ta 
die reduction in CD34" call number! This allowed estima- 
tion of the cumorceil depletion (reverse purging dTeci) 
from the starting llghc-dansity calls ® tite CT34 <r -saJecred 
graft in each patient by use cf the {allowing fsnnxiia^*: 
esti roared cumor-oeU depWrion (logs) ^ log (no. CD 34"* 
calls in the starring moaonudesr ceil pneparaticn/no. of 
CTO4" cells in the final CD34* graft preparation). The 
calculated values obtained ore listed in Table 3: note that 
these calculated valuta are potential surra gore* for extent 
of tumor purging, but do not reflect direct measurement* 
of uflssar csfU pmwtt ia m* sell p r opa rstiom. The calcu- 
lated median tumor-cell depiction was 26 Jogs (mean, 
ZJ: range, 1-2 s 3_3) thr die :0 patients Tansplonred witft 
CD24" marrow grafts, and 13 logs (mean, 13; range, 1-2 
aa 3J) Ibr ail 13 patients. 

Immune Function After BMT 

Immune function has been assessed in the three neuro- 
blastoma patiems with at 20-momfa .umor-ftee intervals 
posttmnsplant. At time points greater than l year after 
BMT, ill three patiana have developed antibody titers 
against dipthema sad teanus toxoids, to which they had 
been imnmmied before their tumors woe diagnosed. 
Two of tha three have already been immunized with, and 
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developed jncbody oxers against. recombinant hrpafTCis 
3 v«cs:ne, in the absence o i preexisting annbocy or infec- 
tion. In adcficon, these patients have had no unusual infec- 
tious emblems. 

QlSCiSSiCN 

The nuin objective of this dimes! study was to test 
whether wreiegous 034* marrow ceils, poaoveiy se- 
lected with My 10 (034) monoclonal antibody tod im- 
mcaomagsedc aucrospheres and retorted by chymopa- 
pain. restored ly mpn o hcmam p otet is in children and 
young adults with advanced solid cancers. The 034* 
setexion procedure, listed in TabU L was based on a 
research hboraxory pro cedu re.* which was scaled up as 
a prototype for ritninti u» :2 - 13 xfcar myclaablativ* cb^ 
rac therapy, 10 patients were tnnsniamreri with 034* 
uutalogotft marrow ^afu. Tha 034*-purifcd pub of 
these 10 patients were enriched in stem/pregenitor cells, 
widx five o£ choc 10 preparations cunoining m 
CD34* cedis. Hematopoietic reconstitution was observed 
in all of the** patients. Engiaftment with 034 '-purified 
cdl grafts as pare as 99^ confirms that autologous 
034 ' ceils, aicae, are sufOdant to provide ftcoiatcpol- 
coc rescue far myelooblated patients. 

On me other band, hematopoietic eegraftmeot fbllow* 
lag these transplants of CD34* edi grafts required about 
S weeks, approximately | week longer than in me prior 
clinical trial is which heavily treated patients with ad- 
vanced pediatric solid careen received whole (unpro- 
cessed) bone marrow.** 1 No hematopoietic growth factors 
were adnunisrered after 3MT is either of these trials. 
Thus, it cannot he excluded that the CD34* cell purifica- 
tion proc edure resulted in some loss of or injury tn stem l 
progenitor cells that contributed to en cra fanetn delay. 
However, die range of the rimes to hematopoietic rccov- 
ery in both studies were largo, and the number of patienu 
smaiL la addition. prior larger 8MT studies in acurt> 
blasmtna have rupened similar times to engcaftmeat and 
concluded that pretjamp la n t chemotherapy was probably 

reepoAsible. 241 finally^ in two patients of the srudy 
reported here who woe incsplamed with unprocessed 
back-op marrow preparation* inwearf of tha CD34* prepa- 
rations (because the purity of thetr CD 24* preparations 
was < ao%; see Methods and Results), the times to hems* 
topoierie recovery were prolonged: times to a neutrophil 
cckjoi af tOCUpL and platelet count of 30.00(VpL were 49 
and 63 days, respectively, m patient no. 1, and 42 and 
103 days, respectively. In patient no. 13 (Taeic 3). Thus, 
is is possible that rhis wax a group of patients who (on 
average) would have been slow to engraft even without 
CD34* cell purification, possibly due to intensive chemo- 



therapy rreamwnt b e for e hone marrow harves^aad trans- 
plant. Whether this CD34 # cell punnearioa procedure 
afTtuu time :o hcnuroncteric recovery cauld be tested in 
a concurrent rtmimreod tiiaicai trial, using patients who 
received unprocessed marrow as a control group. Prelimi- 
nary results of our cuatar rial (in similar patients with 
pediatric solid mnsocs) of tnaspiaiuation of CD34* ceflr 
mobilized hum blood, wish or without marrow CD34* 
cells, indicate chat wees granulocyte rolorry-«xmalatiag 
firexnr (G-CSF) is aamimsxered post-3 MT, CD34* cell 
grans purified by tha mesftod engrail promptly. 42 

Eagraftmest of aespfogous marrow grafts may demon- 
strate the p resence of adequate numbers and tuncrioa 
nady of pro g enitor cells. After a utolo gous transplant, 
loag-ceca hamsiopauMi* aa*y bm due, not **o Mmrx\ colls 
from the graft, but to endogenous item ceils that survived 
tbo ruydoofeittive pxeptradve regimen in cfcc host. Thus, 
autologous tnasphms with genetically marked purified 
CD34* celts 1 * or, easier, allogeneic transplants of purified 
CD 34* ceil grafts will cecd to be assessed to prove 
whether long-term lymphchematopoiesis derives from the^ 
grafted CD34* ceils. 

in reroe of 13 patients carolled onto this study, purities 
of the CD34* graft preparations as low as 12<* disquali- 
fied i&e use of te CD34* marrow grafts. The best purifi- 
cation malts were obtained on small mar row harvests 
fro a patients with neuroblastoma. The capacity of the 
CD 34* cell selection device has hero increased with the 
bokx system aow used tor wider eiinical trials. In addi- 
tion. the Isoiex system has been further engineered a be 
barer inti require Ires icdmician input.* 2 

There were two umanai severe toxic events in this 
trial— ennsverse myelitis and chronic ancmiiAhrocibcv. 
e ye p u ria. Other observed toxicides appeared to be di- 
rectly asribtmbte to the chemotherapy preparative rep- 
men. Ongoing, larger clinical trials will provide further 
info rmation on wheoer three tcxicitire are rare problems 
us ihose rwwa individual patients or ere due to die CQ34* 
cell selection. 

There if diroct avidence that neuroblestornd cells preh- 
eat in patienu' bone manew grans eon contribute ro re- 
lapse. 11 To model Use effect of each patient*' CD34* cell 
purification on the turner cement of that patient** CD34*- 
rfdecred aurognft, it was assumed that the patient's tumur 
calls behaved as typical 034* cells during Use CD34* 
selection, and copurirted with trie normal C2334- ceils.*** 
Usiag ibis model, we calculated on estimate of the tumor- 
cell depletion (reverse purging effect) predicted by the 
CD34* purification results in each patient. As high as 3 J- 
log mmor-cdl depictions were produced by this model in 
purifications with high CD34* cell purines In the grafts. 
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Hoover, d» calculated tamoc-cnii depletion was ao t mto 
high in other cites (Tsai* 31. sod sirset tnaamgstnena 
of tumor-cad consent should also be performed in future 

If CD 34" ceil purification technology can be improved 
to obtain 034" ceil* tn greater than 9QSfc purity and 
greaser than 3-tog tumor-cell depletion toucady, the re- 
verse purging effect would be comparable to the effect 
of n egati ve selection purging t e chno l o gies. such aa drag 
or antibody pins complement, a s reported in clinical szad- 
iesL ,2 ‘ u Ctoariy. uxperimerai mea s ar s a encs of aimer 
ceils In the grad prepara tions would be p r efe rred to mod- 
eling. This is being done in ongoing riirriral trials, but 
with the lirexatioe cbet most of the avaibbi* methods far 
detection of -mnfra al reendaal rlleeiwe am near their limit* 
of sensitivity is qaanti taxing minor content of marrow or 
blood epeetooeas (rani patient* *c the time of mm-ctil 
j urve5t iiwjea» precise quantitation of the reverse 
purgsag effect of CD34* ponftcahon will be difficult in 
patients with low numbers of tumor ceils in die mar r ow 
(or blood) at the tune of harvest. If more mtaor-cett deple- 
tion is needed than can be reprodudbiy ooctined by a 
tingle CD34" purification of the great, methods are new 
available 1 2 3 4 5 * 7 *** due would permir repeated (sequential) 
CD3*- purification of die grun ta multiply me reverse 
purging effect. Other pottibi lilies tor further depleting 
tumor ceils induce eoahtmng positive with negative sep- 


aration-'* cad catering of the C034* elected qpiU :uvittr 
cnrrt roots that favor prolifaracaa at sesnv'progemtor 
cdfcv. nut death of turner cells*'* 

The safsrtiuneat of highly purified CD34* ceils ob- 
tained by this technology anti the arnm^uo r effect of the 
gamplaat by which two of 10 pocr-progTtntis padenr* 
remain drmcally fret of turner, have mandated our cur- 
rent study in advanced pediatric solid turners. To speed 
■w |i ,i fn i Mi m decreasn tumor i*** ^ 

gr atis, thin trial involves use of an improved procedure 

and device car the t mmano m a g r otio CD34" coil aMecsioit, 

mofailhed blood u the starring material for me gratis, 
and G-CSF treatment atier transplant.^ 
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We k (he pnflorts and Casa Gw \»tto pemepwon in tha smdy, 
anti 7» payticuu and sa£f wftc provekd superb metical ud sup- 
portive eats. 


B e ct a a Dtddanoe Cfirp sad B a itw HetithCu* Corp provided 
partial maaicft ftad&g tbr this ctiakal triaL Tbs John* Hopfcias 
Uiavenaty holds gmn a on CD34 aoaodoad aiwitmriWa end rrlwH 

hremMi. QrCvui b « vi d«4 i« • «bara e< Oe oha n>iftji i w iiii 

by th* Utovereiy under Ifecarieg iponooi between the Utovertay 
and tee mopenisL Or Chin fas tin ser ve d a a rrewnlmr for 
tee ojwpn iou The (arms of mat ana pan o have bees ie- 
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